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Abstract
Studies on liver morphology and stereology are relevant to the
comparative anatomical and pathological research. They also facilitate
the use of nonhuman primates in basic research, which has substantially
supported studies in human medicine. Quantitative studies of liver
structures have also been more extensive in Old World primates and
other vertebrates. Twenty-three livers of  adult lion tamarins were studied
(06 Leontopithecus rosalia, 07 Leontopithecus chrysomelas, and 10
Leontopithecus chrysopygus), dissected, and fixed in 10% neutral buffered
formalin solution. For stereological quantification, the liver was regarded
as consisting of parenchyma (hepatocytes) and stroma (nonhepatocytes).
The stereologic parameter volume density (V
v
) was determined by point
counting, using M42 test-system. Hepatic stereological differences
among the three species of lion tamarins were not statistically significant.
Therefore, the pooled V
V [hepatocyte] 
and Vv
 [stroma]
 could be determined as
96.2% and 7.4%, respectively. Significantly different, the values found
for V
V [hepatocyte]
 in lion tamarins were 0.09 times greater than those in
baboons, and 0.17 in man. However, the Vv
 [stroma]
 was 1.04 times
smaller than that in baboons and 1.79 times smaller than that in man.
The differences found among the rates studied, even if not proven
statistically, point out to the need for further studies to correlate the
morphological and physiological features of those tamarins.
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Introduction
The Leontopithecus genus (Lesson, 1840)
includes four recognized species: the golden
lion tamarin Leontopithecus rosalia (Linnaeus,
1766), the golden-headed lion tamarin
Leontopithecus chrysomelas (Kuhl, 1820), the
black lion tamarin Leontopithecus chrysomelas
(Mikan, 1823), and the black-faced lion
tamarin Leontopithecus caissara (Persson &
Lorini, 1990)1. They are the largest
Callitrichid species occupying the isolated
remnants of  the Atlantic Forest in Brazil.
Three of them have been considered
“critically endangered” by the IUCN Species
Survival Commission2,3,4: Leontopithecus rosalia
in the state of Rio de Janeiro; Leontopithecus
chrysopygus in the state of  São Paulo; and
Leontopithecus chrysomelas, restricted to the
forests of the southern region of the state
of  Bahia. Concern regarding the survival of
these primates1,5,6,7,8,9,10 has given rise to major
research, management (including
reintroduction of captive born animals), and
environmental education programs over the
last two decades11,12. There are captive
breeding programs for all lion tamarins,
except Leontopithecus caissara13,14,15.
Unfortunately, very few studies on the
morphological and stereological aspects of
New World monkeys have been
published16,17,18. Quantitative studies of liver
structures have also been more extensive in
Old World primates and other vertebrates
as follows: Primates19,20,21,22,23,24, rat25,26,27,28,
and Salmo29,30.
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Studies on liver morphology and
stereology are relevant to the comparative
anatomical and pathological research. They
also facilitate the use of nonhuman primates
in basic research, which has substantially
supported studies in human medicine31.
The purpose of the present study was
to establish quantitative data in the liver of
Leontopithecus, and thus contribute to this
branch of morphological and clinical
knowledge, as well as to the health control
in in situ and ex situ colonies.
Materials and Methods
Lion tamarins from the Center of
Primatology of  Rio de Janeiro (CPRJ-
FEEMA) were studied. The facility is located
100 km northeast of the city of Rio de
Janeiro, in a protected forest area of  the Serra
dos Órgãos mountain range. At this facility,
the animals were housed in groups and the
enclosures were located outdoors, being,
thus, exposed to the Atlantic Forest
conditions (e.g., sounds, temperature, and
rainfall). The enclosures measured 6.0 x 3.0
x 2.5 meters. The south wall of  each was
made of concrete, and the other three walls
were made of  wire mesh. Food and fresh
water were provided twice a day. The diet
consisted of  bread, bananas, eggs, raisins,
meat, various commercially prepared protein
supplements, and invertebrate larvae32.
The samples were obtained from 23
tamarins (all adults) kept in the museum
collection of the CPRJ-FEEMA as follows:
06 Leontopithecus rosalia (01 female), 07
Leontopithecus chrysomelas (all males), and 10
Leontopithecus chr ysopygus (03 females).
Therefore, the sex and age of the animals
born in captivity or born in the wild, but
monitored in their natural environment, were
known.
Fragments were taken from the liver
fixed in 10% formalin and processed in 5-
µm-thick paraffin sections. The sections were
stained in hematoxylin-eosin (H-E).
Fifteen random fields were studied in
each specimen. Counting was carried out
using a M42 testing system mounted in a
Nikon CFW eyepiece (x10) and an objective
(N Plan, 40x/1.25). The M42 testing system33,
34, which has 21 straight-line segments and
42 testing points in a testing area (At) equal to
36.36 d2, was used for microscopic
examination and morphometric measurements.
For stereological quantification, the
liver was regarded as consisting of
parenchyma (hepatocytes) and stroma
(nonhepatocytes). The volume density (V
V
)
was determined from the points lying over
these structures. The V
V [hepatocyte] 
comprised
the hepatocyte nuclei and the V
V [connective tissue]
comprised the connective tissue, cells other
than hepatocytes, and nerves. The volume
densities of these structures were calculated
using the following formula33:
Quantitative differences in stereological
parameters between species were tested with
the nonparametric unpaired Mann-Whitney-
U test (two-tailed test, a=0.05). This test
combined and ranked data from the two
samples. The ranks were added together, and
a mean for each parameter in each sample
was calculated. The mean ranks were then
compared through statistic calculation35.
Results
Microscopically, the liver of
Leontopithecus is mainly formed by a compact
mass of hepatocytes, some of which
binucleated, with interspersed sinusoids and
islands of connective tissue containing bile
ducts, and venous and arterial vessels (Figure
1).
The descriptive statistics of the
stereological parameters and the comparisons
between species are shown in table 1. In
regard to the V
V [hepatocyte]
,  Leontopithecus
chrysomelas is 0.021 and 0.053 times greater
than Leontopithecus chrysopygus and Leontopithecus
rosalia, respectively. On the other hand, in
 where: Pstructure denotes the
number of points over the
structure and PTest represents
the total number of test points,
42 in this case – (M 42).
%
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Figure 1 - Overview of the lion tamarin liver on light microscopy. Male
                     of Leontopithecus rosalia; Hematoxylin-eosin, bar = 30mm
regard to the stroma, the magnitude sequence
was not maintained for all three species, i.e.,
Leontopithecus rosalia is 0.94 and 0.39 times
greater than Leontopithecus chrysomelas and
Leontopithecus chr ysopygus, respectively.
However, no quantitatively significant
difference was detected in this stereological
parameters in the liver, when comparing
these three species.
In this study, hepatic stereological
differences among the three species of lion
tamarins were not statistically significant.
Therefore, the pooled V
V 
could be
determined as shown in figure 2.
Figure 2 - A sector graph showing: the mean Vv
 [parenchyma] 
(%) and Vv
 [stroma]
 (%) in the lion tamarin liver (Leontopithecus)
Discussion
Carrière et al.19 studied six baboon
livers (Papio papio) and established some
stereological parameters in the liver
parenchyma and stroma. In the baboon, the
stereological parameters for parenchyma and
stroma were smaller than those in the lion
tamarin. In the baboon, V
V [hepatocyte] 
was
84.9% and  Vv
 [stroma]
 was 15.1%.
In man, a stereological study of liver
biopsies from healthy volunteers reported
the following: V
V [hepatocyte] 
of 79.3% and Vv
[stroma]
 of 20.7%23.
The values found for V
V [hepatocyte]
 in
lion tamarins were 0.09 times greater than
those in baboons, and 0.17 times greater than
those in man. However, the Vv
 [stroma]
 was
1.04 times smaller than that in baboons and
1.79 times smaller than that in man. The
differences between lion tamarins and
baboons and between lion tamarins and man
are highly significant (p< 0.01, Figure 3).
Only adult animals with sex-pooled
samples (except for Leontopithecus chrysomelas
– all males) were studied. No sex-related
differences in parameters were observed, as
in previous studies with baboons19, man23,
and brown trout30.
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Figure 3 - A error-bar graph comparing the mean V
V [parenchyma] 
(%) and Vv
 [stroma]
 (%) in man (Homo), baboon (Papio) and lion tamarin (Leontopithecus).
                     All differences are statistically significant (p< 0,01)
Table 1 - Descriptive statistics for stereological parameters volume density (mean± standard error of the mean). All comparisons between species
                    were not statistically significant (p>0.05) using Mann-Whitney test
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morphological and physiological features of those
tamarins. This study also demonstrates the
importance of knowledge to support more
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A estrutura do fígado de micos-leões de cativeiro (Callithrichidae,
Primates): uma abordagem estereológica
Resumo
Estudos sobre a morfologia e estereologia hepática são relevantes em
Palavras-chave
Micos.
Leontopithecus.
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